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ABSTRACT 


The  Weather  and  Surface  Radiation  Prediction  Unit  ccscienced 
preliminary  veathcr  observations  at  the  SHOAL  Site  in  Aucuat 
1962.  Sufficient  date  was  collected  to  insure  statistical 
sisnificancc.  Commencing  on  D-30,  a  complete  weather  analysis 
and  forecasting  unit  was  in  operation  at  the  SHOAL  Site.  Ihc 
weather  facilities,  observation  schedules,  detailed  pre-shot 
weather  and  radiation  forecasts,  ano.  their  verification 
ax*e  discussed. 
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OIAPrER  I 


IKTimJCTIOK 


1.1  OBJEcrrms 

Proper  evalviation  and  minimization  of  the  potential  radi¬ 
ation  hazard,  associated  vith  the  possihle  venting  of  radio¬ 
active  materials  from  the  SHOAL  underground  nuclear  detoxiation, 
required  the  utilization  of  meteorological  facilities  for 
measuring  and  predicting  atmospheric  conditions.  The  complement 
of  the  Weather  Observation  and  Prediction  Unit  varied  from 
intermittent  observations  by  3  meteorological  technicians, 
commencing  in  January  1963,  to  a  conplement  of  13  (meteorologists, 
aids  and  technicians)  from  D-1  to  the  time  of  the  actual  event. 

1.2  FUNCnOKS 

A  priiaary  I'esponsibility  of  the  WBRS,  Las  Vegas,  Hevada, 
vas  the  maintenance  of  a  meteorological  service  at  the  SHOAL 
Site  vith  the  capability  of  preparing  and  issuing  forecasts  of 
meteorological  elements  pertinent  to  test  activities  and  epti- 
nates  of  possible  radiation  exposure  resulting  from  venting. 

These  forecasts  vere  made  available  to  the  Test  Jfenager  and 
his  Advisory  Panel  in  formal  briefings  on  October  25  and  26,  and 
in  informal  briefings  at  the  Weather  Trailer  Office  in  the  CP 
Area  during  the  period  D-21  until  shot- time.  The  unit  vas 
responsible  for  the  interpretation  of  meteorological  data  and 


. . 


for  advising  test  pcrsonno^  ..'Otters  j.n;[  i  ucncc^'  I'v  t-ie  ui,atn 
of  the  aUiosphcre. 

1.3  OEGAHZATIOH 

The  ’/eather  01  servatien  and  Prediction  Unic  vac  unlcr  dne 
opcrat''onel  control  of  the  Teat  Mano’jcr.  i{osponc.ihj.^  j  ty 
the  Weather  service  o’se  dclecatod  hy  the  LScient-i.i ic  Advis  r  oO 
the  V/eathcr  Prediction  Unit,  vith  the  Mcteoro.'.o{jiBt-in-ChaiCC, 

UBRS,  Las  Vegas,  Neveda,  acting  ac  chief  o  the  unit.  iccnr.xcoJ. 
personnel  ana  supervision  vere  provided  by  the  U.S.  Ucctlier  Burecu. 

The  heather  Observaticn  and  Prediction  Unit  vioi’kod  in  close 
cooperati  m  vith  the  ilac.iation  Prediction  Unit  in  order  thsit  tho 
Safety  Program  vould  have  the  benefit  of  the  r.iost  accuroto,  un- 
tO“datG  and  useful  infonjiation  possib.i.c. 

The  V/eathor  Obs'' rvati^-n  and  Prediction  Unit  consisted  ox 
obser\''ation  personnel  that  opci’atcci  the  upper  air  soundxn,,^  str.tions 
and  processed  Meteorological  data,  equipment  maintenance  pcrs-»nnv«l 
rosponsihLc  for  preventive  and  repair  maintenance  of  all  forms  of 
equipment,  and  forecasting  end  briefing  personnel  responsible  for 
the  accurate  and  timely  forecasts  of  pertinent  meteorological 
parameters. 
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CHkPTER  n 


2.1  OBSERVATIOIt.L  PROCEIXJiffi 

From  the  c"  jinatolocicsl  data  ottoined  from  surface  v?.nd 
instruments,  plus  the  upper  ai-  recoi'ds  from  MAY,  Fallon, 

Hevada  and  upper  air  date  obtained  by  V.TilS  personnel  at  inter¬ 
mittent  intervals  coveria^  all  seasons,  it  vac  deteiTiincd  tliat 
the  most  probable  meteoi'oiogical  conditions  that  uould  occur 
durin:3  most  seasons  vould  be  northwesterly  winds  et  the  GZ 
Durfccc,  [gradually  shifting  to  southwesterly  winds  above 
c3oon  feet  MSL.  (See  Figure  2.1  -  2.3).  From  these  data  a 
ground  r.ero  cite  as  well  as  two  off -site  pibal  stations  was 
selected  in  the  most,  probable  dovmwind  sector.  Pibal  Station 
7)^  was  located  at  the  intersection  of  the  Scheelite  I’lino  Road 
and  the  Shoal  Site  Access  Road.  Pibal  Station  ■,,■2  was  located 
one  mile  north  of  Highway  on  the  dirt  read  extension  of  the 
Scheelite  Mine  Road. 

The  two  off-site  Pibal  Stations  afforded  excellent  statis¬ 
tics  on  low  level  winds  on  the  Faii’viev  Valley  and,  with  simalta 
ncous  data  from  the  ground  zero  site,  the  ability  to  prt:vide 
reliable  short  range  forecasts  of  the  wind  field  in  the  vicinity 
of  the  SHOAL  Site  end  Fairview  Valley  was  established. 

In  the  event  that  a  wind  regime  other  than  that  described 
above  were  to  exist  on  D-Day,  two  alternate  pibal  sites  were 
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selected  and  saa^klee  of  upper  air  data  were  collected  inter¬ 
mittently  for  clijaatological  statistiCB.  Pibel  Station  -',-3 
was  located  at  the  salt  mill  In  Fourmile  Flat.  Pital  Station 
vab  located  alongside  U.S.  Higlr^ay  50,  15  miles  west- north¬ 
west  of  the  Scheelite  Mine  Road  intersection. 

Prior  to  D-30,  intermittent  santpling  of  upper  air  data 
was  conducted  to  determine  the  topographic  effects  on  the 
love-  level  winds  and  to  statistically  cctapare  the  wind  field 
above  the  si^rrounding  topography  with  simultaneous  upper  wind 
observations  taken  at  atAF,  Fallon  in  order  to  datemine  at 
what  levels  ihe  wind  fields  were  nearly  identical,  ©xe  data 
collected  implied  that  the  seven  year  record  of  wind  statistics 
at  8000  feet  1©L  and  above  woxild  apply  to  the  SHOAL  Site.  The 
levels  below  GOCrO  feet  MSL  were  deiinite’.y  affected  by  the 
local  topographj'.  The  proper  location  of  downwind  off-site 
pibal  stations  greatly  alleviated  the  Iom  level  forecasting 
problem. 

Ckmsnenclng  on  D-30,  simultaneous  hourly  upper  wind  ou&Ci’v- 
ations  from  0600-I30O  FDT  were  taken  at  GZ  and  one  off -site 
pibal  station,  ©lis  schedule  was  expanded  io  include  both  off- 

sitv,  pibal.  stations  comaencing  on  D-ai. 

On  D-i4,  and  continuing  through  D-Day,  the  GZ  observations 
were  made  from  the  M-33  radar  located  below  CP  alongside  the 
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the  C?  Access  Road. 

On  D-7,  and  continujjng  thTOugh  D-Day,  upper  air  pressure, 
tejtpereture,  end  hwaddity  observations  vere  taken  at  0730  PDT 
and  1000  PDl  to  au^paeat  tt®  hourly  upper  air  wind  field  data. 

On  D-4,  and  continuing  through  D-1,  smoke  pot  observations 
were  conducted  at  1200  PDT  at  G2  to  dstemlne  low  level  trajec¬ 
tories  under  ..orthwest  surface  wind  conditions.  On  D-Day  these 
observations  were  conducted  from  the  radar  site  at  07J.5,  o!:15, 
0915,  and  1115  PDT  using  teti*oons  (constant  level  balloors). 

One  surface  wind  speed  and  dJ.rection  instrument  and 
recorder  was  installed  on  the  Communications  Mlcrcjwave  Tower 
on  the  peak,  approximately  two  ra^Aes  southwest  of  ground  zero. 
This  instrument  was  so  located  to  obtain  as  nearly  as  possible 
the  true  surface  wind  free  of  terrain  effects.  !Ihe  other 
surface  wind  speed  and  direction  instrument  and  recorder  was 
installed  approximately  900  feet  west-northwest  of  ground  zero. 

In  early  October  the  two  wind  instriments  were  tel«netered 
to  the  Weather  Bureau  Trailer  at  the  CP  Site  in  order  to  have 
the  wind  data  immediately  available  to  the  forecaster. 

Radio  and  telephones  were  used  to  disseminate  weather 
information  on-site.  Off-site  upper-air  data  were  transmitted 
by  radio  ccffirnmnications.  Tabulated  weather  data  covering  the 
event  were  distributed  to  prir-'ipal  participants  immediately 
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fefter  the  event.  Post-ehot  trajectories  were  coequuted  and 
dissemioated  to  USPHS  and  AF®^C  until  H+24  houra. 

2.2  PMISSJ3  PROCEDURE 


I 

Prior  to  D-30,  local  surface  and  v^g^r  air  data  were  vised  to 
cca5>iie  statistics  on  the  general  monthly  wind  and  temperature  | 

pattern  at  the  SHOAL  Site.  Ccaamencing  on  D-30,  facsimile  charts 
were  tbi-  major  source  of  information  required  for  general  fore¬ 
casting.  These  were  siqjplemented  twice  daily  by  more  detailed 
analysed  surface  and  upper  air  charts  from  teletyye  data,  and 
daily  time  cross-sections  of  the  upper  air  wind,  pressure,  temper¬ 
ature,  and  humidity  patterns  from  l^OAL  Site  observations  were 
utilized  as  aids  to  detailed  local  forecasting. 

Cooaaencing  on  D-7,  surface  weather  charts,  the  wind  fieJds 
at  feet  above  the  surface,  and  the  wind  field  at  10,000  feet 
were  analysed  every  six-hours. 

2. 3  VJEATHER  BRIEFINGS 

The  weather  briefing  was  formally  presented  to  the  Advisory 
panel  by  the  Briefing  Ffeteorologist,  Briefing  charts  and  fore¬ 
casts  used  in  the  presentation  were  prepared  by  the  Briefing 
I-feteorologist  assisted  by  the  Project  Officer.  The  final  decision 
on  the  forecast  and  the  briefing  charts  was  the  responsibility 
of  the  meteorologist  giving  the  formal  briefing.  Briefing 
materials  were  graphical  displays  (Figures  2.4  and  2.5)  of  the; 
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10,000-foot  prognostic  streemlineB  for  H-hour,  vith  forecast 
tra.jcctorieB  to  ^16  hours  for  the  2n‘l  standard  level  above  the 
surface  and  to  2^!-  houi’s  for  10,000  feet  MSL;  clouds  and  leather 
for  the  period  H-4  to  H+8;  and  winds  aloft  and  surface  wind 
forecasts  for  ground  zero  bradicting  shot  tine.  Also  includt?d 
were  the  event  forecast  temperature  soundin'^  and  wind  profile 
to  l4,000  feet  ^BL. 

A  dally  forecasting  service  was  naintained  at  the  SHOAL 
Weather  Trailer.  Event  briefings  were  prepared  separately. 

One  briefing  was  held  in  Fallon  at  an  AEG  conference  roesA  at 
1300  PDT  the  day  prior  to  the  event;  the  second  follow -on 

brief in(-  foi  the  Advisory  Panel  was  held  in  the  Test  Manager’s 

* 

Trailer  at  H-2  hours.  The  final  shot-time  wind  forecast  in 
1, 000-foot  increments  up  to  10,0D0-fcot  MSL  was  completed  one 
hour  pi’ior  to  briefing  time  and  given  to  the  forecaster  from  tte 
Radiation  Prediction  Unit. 

After  the  pre-shot  briefing,  the  Briefing  Meteorologist 
monitored  the  latest  incesaing  wind  and  weather  data  and  inter¬ 
preted  additional  data  as  necessary  both  before  and  after  deto¬ 
nation.  With  venting  a  possibility  at  shot  and  after,  the  services 
of  the  Briefing  I-feteorologist  were  available  to  coEsnence  trarking 
activities  and  trajectories  associated  with  any  nuclear  cloud 
I’D  suiting  from  such  venting. 
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CHAPTER  ni 


RESUI/TS 


3.1  >ffiAlEER  CHROHOLOOT 

T^i ri  ng  the  period  Septeniber  26  October  23>  cxtremel/ 

persistent  veather  conditions  prevail.ed,  cVisracterized  by  abnor- 
laally  varm  end  dry  veather  throughout  the  United  States.  During 
this  period  winds  at  the  SHOAL  Site  were  southeasterly  frcaa  the 
surface  up  to  approxliaately  10,000  feet  tSL,  an  unacceptable  direc* 
tion  since  the  winds  were  directed  towards  Fallon.  On  October  24th 
a  rapidly  developing  low  pressure  area  moved  into  the  Gulf  of 
Alaska  and  was  headed  toward  the  Uoshington-Canadian  Bordei’.  An 
active  cold  front  passed  the  coastline  in  Washington  the  afternoon 


of  October  24th,  bringing  torrential  rain  and  high  winds  as  far 
south  as  the  North  Califoi-nia  Coast.  The  speed  of  this  cold  front 
was  determined  by  successive  hourly  plots  and,  uj  IlOO  PDT,  October 


25,  it  was  determined  that  the  front  would  pass  through  the  SHCAL 


Site  late  on  the  2Sth  or  early  moi'ning  the  26th 


(See  Figure  3-l)* 


At  this  time  it  was  also  noted  tliat  the  southern  portion  of  the 
cold  fi'ont,  after  passing  the  coastal  mountain  barrier,  vac  pro¬ 
ducing  progressively  less  amounts  of  precipitation.  Baocd  on  the 
above,  a  forecast  was  issued  for  near  peri’ect  conditions  to  prevail, 

at  H-Kour  the  morning  of  ths  26th. 

The  surface  fi^nt  passed  through  the  SHOAL  Site  ot  021^  PDT, 
October  26,  indicated  by  a  sudden  wind  shift  at  the  surfoce  from 


crouih  to  northwest.  Overcast  skies  prevailed  until  0J:-30  H)T, 
tlaan  rapid  clcarinc  occurred.  o'fOO  PBT,  surface  winds  were 
steady  northwest  9~12  ME’Hj  with  clear  skies.  Winds  aloft  in¬ 
dicated  ax^roxinately  a  6o  degree  wind  shear  aloft  becoml.ng 
southwest  20-25  knots  at  10,000  feet.  A  temperature  sounding 
at  0700  PDT  indicated  the  front  aloi'‘t  to  he  at  appro::imately 
T300  feet  MSL.  Using  nonnal  slope  for  a  frontal  surface  this 
indicated  the  front  was  at  the  surface  (3000  feet  ^iSL)  appro:d.- 
mately  50-Y5  miles  southeast  of  the  SHOAL  Site.  This  was  verified 
upon  analysing  the  1200Z  (05OO  PDl)  surface  weather  chert.  (See 
Figure  3* 3)* 

Figures  3..i  through  3.h  show  the  continuity  of  the  sui'face 
weather  charts.  Figure  3*5  a  streamline  analysis  of  the  10,000- 
foot  wind  at  H+1  hours  indicating  a  moderate  southwesterly  wind 
field  above  the  SHOAL  Site. 

Thhle  3.1  below  indicated  the  measured  mean  layer  winds 
observed  on  2l;-26  October  with  the  potential  fallout  arcs  measured 
in  degrees  true  from  GZ  and  the  angular  width  of  the  potential 
fallout  ai'ea. 

3.2  v.t:!'®  forecast  verification 

One  method  of  obtaining  a  measui-e  of  forecasting  eltill  is  to 
compare  the  forecast  made  by  the  Briefing  Keteorologist  with  a 
’’persistence  foi'ecact"  made  by  the  wind  sovinding  prior  to  the 
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briefing  vit-h  both  projected  to  the  actual  event  tlae  and 
coopered  vith  shot  tine  vinda. 

The  briefing  vind  forecasts  and  persistence  vind  forecasts 
are  centred  to  the  actual  shot  time  vlnds  in  Tlsble  3.2,  and 
error  evaluations  are  made  for  each  level  in  speed  and  direction. 
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3. 3  RADilATION  CHR 

Tlie  SHOAL  experiment  vas  designed  to  ccsnpletely  contsin 
underground  all  radioactive  materials  produced  by  the  detonation. 
Based  on  previous  experience,  the  1200-foot  burial  depth  of  the 
device  was  sufficient  to  prevent  a  blowout  through  the  overburden. 
Closure  of  the  horizontal  tunnel  was  anticipated  both  because  of 
the  vertical  buttonhook  ecplacement  of  the  device  and  the  presence 
of  a  faiilt  In  the  tunnel  which  was  expected  to  cause  collapse  at 
that  point.  To  prevent  gases  leaking  throxigh  the  tunnel  and  up 
the  vertical  shaft  to  the  surface,  a  series  of  sand  cteas  was 
used  in  the  tunnel  and  in  the  lower  poi*tion  of  the  shaft.  Kie 
combination  of  these  factors  minimized  the  probability  that  vent¬ 
ing  would  occur  through  the  tunnel.  Cracks,  however,  would  be 
fonned  as  a  result  of  the  detonation  which  might  intersect  exist¬ 
ing  fa\ilts  in  the  iiamedj.ate  vicinity,  this  producing  a  possible 
means  of  escape  for  radioactivity.  This  mechanism  was  considered 
most  probable  for  the  maximum  credible  release.  The  material  re¬ 
lease  wo\ild  be  inert  gases  -  all  particulates  being  removed  before 
reaching  the  surface.  The  initial  release  would  probably  not  take 
p].occ  immediately  but  would  require  several  hours  because  of  the 
long  and  indirect  path  to  the  surface.  If  venting  of  this  nature 
occurred  it  was  expected  to  continue  for  mar^'  hours.  A  modified 
form  of  Sutton's  continuous  point  soxirce  diffusion  equation  was 


used  to  predict  total  exposures  due  to  the  vented  radioactive 
gases. 

Consideration  vas  also  given  to  the  consequei  es  of 
djnoediate  venting  with  the  fraction  of  total  activity  out  per 
unit  tliae  being  similar  to  the  Gnome  event.  This  was  considered 
to  be  an  extremely  unlikely  occurrence.  The  estimated  peak  dose 
rates  due  to  cloud  passage  would  undoubtedly  be  conservative 

because  of  the  differences  in  stemming. 

It  was  assumed  that  of  the  radionuclides  Xe  and  Kr 

produced  by  the  detonation  would  be  released  to  the  atmosphere 
over  a  24-hour  period  beginning  at  H+6  hours  and  ending  at  H+30 
hours.  The  hazard  associated  with  these  i-adionuclides  is  in 
the  fona  of  an  external  gamma  dose  and  therefore  total  exposures 
due  to  the  passing  cloud  of  gases  as  a  function  of  distance  from 
ground  zero  was  computed.  Since  the  24-hour  release  would  occur 
during  both  a  nighttime  and  a  daytime  atmosphere,  a  separate  set 
of  meteorc' ogical  parameters  was  used  to  determine  the  exposure 
for  each  period  and  then  totaled.  This  amounts  to  assuming  that 
the  mean  wind  directions  would  remain  constant  during  the  entire 
24-hour  period.  It  was  further  assumed  that  the  meander  Oj.  the 
plume  would  be  confined  to  a  very  narrow  10°  sector.  These 
assumptions  tend  to  make  the  estimate  very  conservative.  Each 
Xenon  and  KriTton  nuclide  was  examined  separately  and  the  total 
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exposure  at  all  distances  produced  by  each  nuclide  vas  ccaipared 
with  the  permissible  exposure  as  furnished  by  the 

Operational  Safety  Division,  NVOO.  The  predicted  total  ex¬ 
posure  to  Xe^35  produced  the  greatest  hazard  but  it  was 
approximately  two  orders  of  magnitude  belca?  the  maximum  per¬ 
missible  (l.T  X  10“^  cur-rain/m^)  et  a  distance  of  five  miles 
downwind,  the  radius  of  the  exclusion  area-  This  estimate  is 
shown  on  Figure  3»T. 

Peak  dose  rates  due  to  cloud  passage  for  the  unlikely  case 
of  Immediate  venting  are  shown  in  Figxire  3*S.  A  3000-foot  cloud 
layer,  30°  of  shear  in  the  fallout  hodograph  and  a  mean  layer 
wind  speed  of  10  mph  was  assumed.  A  hot  line  bearing  of  135° 
was  predicted.  The  nearest  populated  site  downwind  on  this 
bearing  is  the  town  of  Gebbs  at  a  distance  of  35  miles.  At 
this  distance  it  was  estimated  that  the  peak  dose  rate  due  to 
cloud  passage  would  be  20  mr/hr. 

The  pre-shot  vertical  temperature  structure  is  shown  in 
Figure  3.9*  This  diagram  indicates  an  inversion  at  approxi¬ 
mately  2000  feet  above  the  GZ  surface,  however,  a  3000-foot 
cloud  layer  was  used  in  the  prediction  computations.  This  is 
because  the  SHOAL  Site  terrain  drops  off  a  few  miles  downwitd 
to  a  valley,  the  elevation  of  which  is  approximately  1000  feet 
lower  than  the  SKOAL  GZ,  making  the  use  of  a  3000-foot  cloud 
layer  reasonable. 


-15- 


3J{  RADIATIOH  VERIFICATIOR 

Ho  radioactive  aaterials  were  released 
as  a  result  of  detonating  the  SHOAL  ^vice. 
both  by  ground  and  aerial  monitorj* 
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to  the  atffio^here 
This  was  verified 


CHAPTER  IV 


POST~S^)T  AdTfXTlES 

As  pointed  oirt  in  Section  3*4,  no  radioactive  aoterialc 
were  released  to  ti«  atmot^here  as  an  iusttediate  result  of 
detonating  the  SHOAL  device.  Thus  it  secoia  logical  to  assunw 
that  lealcage  of  radicwictive  gases  through  email  cracks  in  the 
overburden,  possibly  produced  by  the  detonation,  might  occur 
at  scaae  later  time  or  that  pockets  of  gases  might  be  encountered 
during  the  drill -back  operation. 

For  this  reason  it  was  necessary  to  provide  meteorological 
support  until  December  14,  1963  at  which  time  the  project  manager 
decided  there  was  no  longer  a  req,ulreiaent. 

The  extent  of  the  meteorological  support  provided  was  o 
function  of  the  drill-back  progress.  Initially  four  wind  sound¬ 
ings  were  taken  each  day  at  0400,  1000,  1600,  and  2200  PST. 
Although  no  formal  weather  forecasts  were  presented,  intermittent 
monitoring  of  the  weather  was  raintained  and  forecasts  were  pro¬ 
vided  on  requc-t.  Facsimile  weather  trenmissions,  teletype  data 
for  winds  aloft  analysis,  and  tlie  local  wind  tower  information 
were  utilized.  A  constant  level  balloon  (tetroon)  was  kept  reecTj* 
at  all  times  in  case  radioactive  gases  sho\iid  be  released  to  the 
atmosphere.  This  tetroon  would  be  useful  in  determining  the 
radioactivity  trajectory. 
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^Jhen  the  drill-hack  had  pro^-resGcd  sufficiently  the 


weather  station  vos  manned  continue  ">G3.y. 

Temperature  soundincs  verc  token  at  and  l600  PCT 

and  radar  vindo  vere  taken  at  ITOO,  1000,  1200,  1600, 


19'DO,  and  0000  PET.  Estirjates  of  radioactive  conccnti-a- 
tions  as  a  function  of  distance  from  :hc  source  and  the  vri- 
.jectoiv  of  the  i*adiooctivity  vex'e  provided  upon  request, 

upon  completion  of  veathcr  support  requireaentc  at  the 
SHOAL  site,  plans  vere  made  to  make  readj^  and  return  all 
Weather  Bureau  equipment  to  the  Hevada  Test  Cite. 
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•(•tuf  ft.iport  dat«d  March  1964  has  been  published  and  distributed  by  USCSCS 
».H**  Report  dated  Decenber  9,  196?,  DATDC  Report  92,  has  been  published  and  distributed  by  UED 
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Barrixis^^r  Xdaitvd 

R«3cd&lCf  Ontario,  Canada 

Edccrton,  Gamaihj^uaan  le  Griar,  Inc. 

Boatofi;  Maataehuuat'^'' a 
Las  fasti,  Htvada 
Santa  Barbara,  California 

Pidaral  Aviation  Ik^^nej 
Lot  Ansilii,  CaHfomla 

Oio  Taehnical  Corporation 
Garlai^,  TtK&a 

U.  S.  Atkj  Gicdiiy,  Intalliftnca  and  Mapping  Haaearoh 
and  Davalopmant  Agancy 
Port  Balroir,  Virginia 

Kasliton-Nuclcar  Seiinea  Corporaticm 
Palo  Alto,  California 

HoLsaa  4  Karvar,  Inc. 

Lot  Angtlii,  California 
Las  Vigaa,  Kavada 

Isotopii,  iLnc. 

Wistwod,  N«w  Jirtty 

ITIK  Corporation 
Palo  Alto,  California 

Luciui  Pitkin,  Ine« 

Niw  fork,  N«w  York 

Nevada  Bureau  of  Mines 
University  of  Nevada,  Reno,  Nevada 

U.  S.  Naval  Radiological  Defense  Laboratory 
San  Pranciseo,  California 

Reynolds  Electrical  6  &)sincering  Co« ,  Inc, 

Lae  Vegas,  Nevada 

Sandia  Corporation 
Albuquerque,  New  Kesdoo 

Stanford  Rasearoh  Institute 
Menlo  Park,  California 
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HFB,  Inc. 

R.  F.  Inc. 

AlttundriA,  V«. 

STi 

Sptoc  T«c!nolog7  lAbor«torias,  Ine. 
R«4c»do  Boftoh  Park,  Callfomda 

TI 

T«3»t  InftriBMnta,  Z&6« 

DtllM,  Tcaua 

USBM 

U*  S.  Bureau  of  MLnaa 

Washington,  2$,  0*  8. 

USSi-PRC 

U.  S.  Buraau  of  Rdnss 

BartlssviHa  Potrolsiai  Raaoaroh  Cantor 
E&rtloSTilla,  OklahcM 

USC&QS 

U.  S.  Coast  and  Goodotio  Survey 

Las  Vogao,  Nevada 

uses 

U.  S.  Geologio  Survey 

IKrtTcr,  Colorado 

D8PHS 

U.  S.  Public  Health  .^rviee 

Las  Vegas,  Nevada 

USWB 

U>  S.  Weather  Bureau 

Las  Vegas,  Nevada 
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